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FIGURE 11.2 Schematic geometry of vol-
canic systems used for models discussed in
text, (a) Sketch illustrating the concept of the
five parts of a volcanic system discussed in the
text, (b) Model for simple, direct discharge of
reservoir into jet at Mount St. Helens for lat-
eral blast. Blocks 1 and 2 represent the two
major blocks involved in the landslide (after
Moore and Albee, 1982). The stippled area
surrounded by hachuring represents the com-
bined magmatic-hydrothermal system as-
sumed to have underlain the north slope of
the mountain; configuration is unknown. The
complex reservoir geometry that fed the blast
is simplified by assuming that the material dis-
charged from a tabular reservoir that was 1
km in east-west dimension, 0.25 km in vertical
height, and 0.5 km in north-south depth. It is
assumed that the flow of the dacite from the
deep reservoir (as illustrated in sketch c) was
not involved in the lateral blast, (c) Discharge
of deep reservoir through conduit and, per-
haps, the shallow surface crater into jet to form
plinian eruption column at Mount St. Helens.
(d) Discharge of reservoir through conduit with
negligible surface crater on lo (called & fissure
system), (e) Discharge of reservoir through
conduit with substantial surface crater on lo
(called a crater system).
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plume, the visible ejecta above the planetary surface (see Fig-
ure 11.2a). The geometry of a volcanic system is unique to each
volcano and, perhaps, even to each eruption at a given volcano.

Consider nominal system geometries for the four examples
under discussion. The lateral blast at Mount St. Helens is
modeled as the discharge of a simple, shallow, tabular reservoir
exposed suddenly to atmospheric pressure by the landslide that
initiated the eruption at 8:32 A.M. (Figure 11.2b). The tabular
shape is compatible with observations that the discharge oc-
curred over a surface area at least 1 km in lateral dimension
and 0.25 km in height and that about 0.25 X 1015 g of material
were ejected. However, it is a much oversimplified represen-
tation of a reservoir that was certainly complex in geometry
and in temporal evolution. The plinian eruption at Mount St.
Helens is modeled as the discharge of a deeper (~3 to 5 km)
reservoir through a conduit, with perhaps a crater (Figure 11.2c).
This model is consistent with seismic observations of the depth
of emplacement of magma by May 18.

The Ionian eruptions are modeled as the discharge of shallow
crustal reservoirs through cylindrical or tabular conduits sev-
eral kilometers deep, similar to the plinian system assumed for
Mount St. Helens. One system, which for convenience I call
a fissure system, is assumed to have no substantial surface crater
(Figure 11.2d). The other system, which I call a crater system,
has a substantial surface crater (Figure 11.2e). (A substantial
surface crater will be defined later in this paper.) I will dem-
onstrate that the geometry of a volcanic system in the near-
surface region has a larger influence on the structure of a vol-
canic jet than do plausible variations in thermodynamic prop-
erties of the magma and initial pressure conditions.

THERMODYNAMIC PROPERTIES OF
MAGMATIC FLUIDS

In addition to simplifying the geometry of a volcanic system,
it is also necessary to simplify the rheologic behavior of its
magmatic fluid in order to obtain an equation of state. Even
though magmatic ascent probably involves many nonequilib-
rium processes, representative thermodynamic paths of ascent
on phase diagrams of magmas would show useful reference
equilibrium conditions. In practice, even this limited goal of
showing equilibrium thermodynamic paths has not yet been
done for any magma. Thermodynamic analysis is still limited
to highly idealized fluids by two constraints: (1) the properties
of magmas are so complex that complete phase diagrams have
not yet been formulated, and (2) the equations describing fluid
flow can be solved only for the simplest equations of state and
thus cannot accommodate the complexities that are necessary
to describe magma flow, e.g., phase changes, gas-liquid-par-
ticle interactions, radiative heat transfer.

Magma rheology is conveniently simplified by recognition
of three types of fluid behavior corresponding to decreasing
depth in the volcanic system (Wilson et al., 1980): (1) the lower
zone, where volatiles are dissolved in the magma; (2) the middle
zone, where the volatiles are exsolved within a liquid phase;
and (3) the upper zone, where the volatiles are the dominant
phase by volume and the magma is a gas with entrained liquid
droplets and solid fragments. These three rheologic zones need
not, of course, correspond to any idealized geometric zones in
a volcano. For example, fragmentation (upper-zone behavior)
may occur deep in a conduit, or even within a reservoir, in a